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Description 

SYSTEMS, METHODS AND COMPUTER 
PROGRAM PRODUCTS FOR ASSESSING 
THE HEALTH OF AN ELECTRIC MOTOR 

Background of Invention 
[0001] FIELD OF THE INVENTION 

[0002] The present invention relates to electric motors, and more 
particularly, to systems, methods and computer program 
products for assessing the health of an electric motor 
without requiring access to extensive historical asset 
management and historical sensor data. 

[0003] BACKGROUND OF THE INVENTION 

[0004] Although electric motors are rugged and reliable elec- 
tromechanical energy conversion devices, they are subject 
to failure under mis-operation, severe operating condi- 
tions, hostile environments, and aging. The average an- 
nual failure rate of large electric machines is estimated to 
be at least three percent. In industries that require the 



motor to be operated under hostile conditions and envi- 
ronment, such as mining or pulp and paper industries, the 
annual failure rate can be much higher. Since motor fail- 
ure has a potential for substantial financial loss, the de- 
mand for motor protection has increased, which has 
driven many researchers in industry and academia to ex- 
plore new technologies in condition monitoring of electric 
machines and electrically driven equipment. 

[0005] Access to historical repair information allows an under- 
standing of the conditional failure probabilities of motor 
components. According to industry standards, almost one 
half of the total failures for electric motors are bearing-re- 
lated. Additionally, one third or more failures are typically 
related to the winding insulation and core iron. Taking 
historical performance, failures and repairs of thousands 
of electric motors into account, probabilities of electric 
motor failure can be understood with reference to failure 
Pareto charts. Pareto charts, as are known to those of skill 
in the art, include a series of bars whose heights reflect 
the frequency of a problem. Here, given historical failure 
and repair information, a Pareto chart illustrates the most 
likely causes for electric motor failure. 

[0006] studies have shown that in most cases there is a general 



agreement between commercially published data and fail- 
ures of electric motors. Unfortunately, however, greater 
variations exist in AC motors greater than 2300V. For in- 
stance, whereas bearing failures are more prevalent in in- 
duction motors due to the presence of a large population 
of rolling element bearings, in AC motors greater than 
2300V AC stator failures replace bearing failures as the 
dominant problem. 

[0007] Manufacturers have shown that continuous monitoring 
system technology is a proven way to reduce motor fail- 
ures, lower total equipment ownership costs and estimate 
time-to-failure acceleration factors. Continuous monitor- 
ing methods are known to those of skill in the art. How- 
ever, these systems cannot provide an immediate assess- 
ment on the condition of a motor if, for instance, a cus- 
tomer wishes to establish a maintenance/shared risk 
agreement with a electric motor provider in terms of 
residual life estimates. 

[0008] what is therefore needed are systems or methods to 

rapidly ascertain a motor's health without requiring con- 
tinuous monitoring or the accessing historical sensor 
data. 

Summary of Invention 



[0009] The present invention is directed generally to systems, 

methods and computer program products that assess the 
health of an electric motor without access to extensive 
historical asset management and historical sensor data. 
According to one embodiment of the invention, a motor 
assessment tool receives information specific to an elec- 
tric motor to be analyzed, and produces computed results 
therefrom. The computed results identify the current 
health of the motor, such as the estimated time remaining 
in the stator life and bearing design life (if rolling element 
bearings are present), the number of days until oil break- 
down, the days until the motor hits its start/stop limit, 
and the estimated times until bearing and stator repairs 
are required. 

[0010] jo generate such results, the motor assessment tool col- 
lects information from multiple sources, including opera- 
tor input data, historical data, and lookup tables. Based on 
this information the motor assessment tool estimates the 
remaining useful life of a motor based on quantitative 
data, standard design life limits and on reliability analysis. 
As such the motor assessment tool enables a risk analyst 
to assess motor health when continuous historical param- 
eter data is not available. 



Brief Description of Drawings 

[0011] Having thus described the invention in general terms, ref- 
erence will now be made to the accompanying drawings, 
which are not necessarily drawn to scale, and wherein: 

[0012] FIG. 1 shows a block diagram illustrating components 
comprising a motor analysis system, according to one 
embodiment of the present invention. 

[0013] FIG. 2 shows a block diagram illustrating a motor assess- 
ment tool, according to one embodiment of the present 
invention. 

[0014] FIG. 3 shows a block diagram flow chart illustrating a 

method for inputting data into the motor assessment tool, 
according to one embodiment of the present invention. 

[0015] FIG. 4 shows Pareto data corresponding to a large electric 
motor, according to one illustrative example of the 
present invention. 

[0016] FIG. 5 shows a block diagram flow chart illustrating com- 
putations executed by the motor assessment tool to pro- 
duce computed results, according to one embodiment of 
the present invention. 

[0017] FIG. 6 shows the transfer functions for expected stator in- 
sulation life as a function of temperature and insulation 
class, according to one illustrative example of the present 



invention. 

[0018] FIG. 7 shows an interface through which a user may main- 
tain repair service data for a motor, according to one em- 
bodiment of the invention. 

[0019] FIG. 8 shows another interface through which a user may 
maintain repair service data for a motor, according to one 
embodiment of the invention. 

[0020] FIG. 9 illustrates a graphical user interface implemented 
by the motor assessment tool to facilitate the input of 
data by an operator of the motor analysis system, accord- 
ing to one embodiment of the present invention. 
Detailed Description 

[0021] jhe present invention now will be described more fully 

hereinafter with reference to the accompanying drawings, 
in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in 
many different forms and should not be construed as lim- 
ited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of 
the invention to those skilled in the art. Like numbers re- 
fer to like elements throughout. 

[0022] Th e present invention is described below with reference to 



block diagrams and flowchart illustrations of methods, 
apparatuses (i.e., systems) and computer program prod- 
ucts according to an embodiment of the invention. It will 
be understood that each block of the block diagrams and 
flowchart illustrations, and combinations of blocks in the 
block diagrams and flowchart illustrations, respectively, 
can be implemented by computer program instructions. 
These computer program instructions may be loaded onto 
one or more general purpose computers, special purpose 
computers, or other programmable data processing appa- 
ratus to produce machines, such that the instructions 
which execute on the computers or other programmable 
data processing apparatus create means for implementing 
the functions specified in the flowchart block or blocks. 
Such computer program instructions may also be stored 
in a computer-readable memory that can direct a com- 
puter or other programmable data processing apparatus 
to function in a particular manner, such that the instruc- 
tions stored in the computer-readable memory produce 
an article of manufacture including instruction means that 
implement the function specified in the flowchart block or 
blocks. 

[0023] FIG. 1 shows a block diagram illustrating the components 



of a motor analysis system 10 according to one embodi- 
ment of the present invention. As illustrated in FIG. 1, the 
system 10 includes a motor assessment tool 15. Gener- 
ally, the motor assessment tool 15 receives information 
specific to an electric motor to be analyzed, and produces 
computed results 18 therefrom, where the computed re- 
sults 18 identify the current health of the electric motor. 
As described in greater detail below, the computed results 
18 include information such as: the estimated time re- 
maining in the stator life of the motor, the estimated time 
remaining in bearing design life of the motor (if rolling el- 
ement bearings are present), the motor's insulation resis- 
tance at 40C, the number of days until oil breakdown, the 
days until the motor hits its start/stop limit, the estimated 
time until a bearing repair is required, and the estimated 
time until a stator repair is required. 
[0024] jo generate the computed results 18, the motor assess- 
ment tool 15 collects information from multiple sources, 
including operator input data 25, historical data 30, and 
lookup tables 35. Taking this information the motor as- 
sessment tool 15 applies a number of calculations to esti- 
mate the remaining useful life of a motor based on quan- 
titative data, standard design life limits and on reliability 



analysis. These calculations also compute the estimated 
life remaining in individual motor components such as the 
stator and bearing. Therefore the motor assessment tool 
15 enables a risk analyst to assess motor health when 
continuous historical parameter data is not available. The 
present invention will be next be described in greater de- 
tail with respect to FIGS. 2-4, which illustrate the motor 
assessment tool and the method implemented thereby. 
[0025] FIG. 2 shows a block diagram showing a motor assess- 
ment tool 15 of the motor analysis system 10, according 
to one aspect of the present invention. As illustrated in 
FIG. 2, the motor assessment tool 15 generally comprises 
a processor 40, operating system 45, memory 50, input/ 
output interface 70, database 65 and bus 60. The bus 60 
includes data and address bus lines to facilitate communi- 
cation between the processor, operating system and the 
other components within the tool 15, including the motor 
analysis application 55, the input/output interface 70 and 
the database 65. The processor 40 executes the operating 
system 45, and together the processor 40 and operating 
system 45 are operable to execute functions implemented 
by the motor assessment tool 15, including software ap- 
plications stored in the memory 50, as is well known in 



the art. Specifically, to implement the methods described 
herein with respect to FIGS. 3-5 the processor 40 and op- 
erating system 45 are operable to execute the motor 
analysis application 55 stored within the memory 50. 
[0026] it w i|| be appreciated that the memory 50 in which the 

motor analysis application 55 resides may comprise ran- 
dom access memory, read-only memory, a hard disk 
drive, a floppy disk drive, a CD Rom drive, or optical disk 
drive, for storing information on various computer-read- 
able media, such as a hard disk, a removable magnetic 
disk, or a CD-ROM disk. Generally, the motor analysis ap- 
plication 55 receives information input or received by the 
motor assessment tool 15, including operator input data 
25, historical data 30 and information provided or re- 
trieved from one or more lookup tables 35. Using this in- 
formation the motor analysis application 55 effects the 
computations described in detail with reference to FIG. 5 
and generates the computed results that identify the cur- 
rent health of the electric motor, including the motor life 
remaining. The motor analysis application 55 also pro- 
vides one or more graphical user interfaces (GUIs) through 
which an operator of the motor assessment tool 15 can 
input data and view the computed results. A GUI accord- 



ing to one embodiment of the invention is illustrated and 
considered in FIG. 9. 

[0027] Referring again to FIG. 2, the processor 40 is in communi- 
cation with the Input/Output (I/O) interface 70 to control 
I/O devices of the tool 15. Typical user I/O devices may 
include a video display, a keyboard, a scanner, a mouse or 
joystick or other input or output devices. Additionally, the 
I/O interface 70 provides one or more I/O ports and/or 
one or more network interfaces that permit the motor as- 
sessment tool 15 to receive and transmit information from 
the tool 15. For instance, according to one aspect of the 
invention, the motor assessment tool 15 may retrieve data 
from remote sources, such as via a LAN, WAN, the Inter- 
net, or the like, to implement the functions described 
herein. Therefore, the I/O interface 70 may also include a 
system, such as a modem, for effecting a connection to a 
communications network. 

[0028] The database 65 of the motor assessment tool 15, which 
is connected to the bus 36 by an appropriate interface, 
may include random access memory, read-only memory, 
a hard disk drive, a floppy disk drive, a CD Rom drive, or 
optical disk drive, for storing information on various com- 
puter-readable media, such as a hard disk, a removable 



magnetic disk, or a CD-ROM disk. In general, the purpose 
of the database 65 is to provide non-volatile storage to 
the motor assessment tool 15. As shown in FIG. 2, the 
database includes one or more tables, segments or files 
within the database 65, including lookup tables 35, oper- 
ator input data 25, and historical data 30, which is used 
by the motor assessment tool 15, and more particularly, 
the motor analysis application 55, to execute the func- 
tions described herein to generate computer results. The 
database 65 also stores the computed results 66 of the 
analysis implemented by the tool 15. 
[0029] it is important to note that the computer-readable media 
described above with respect to the memory 50 and 
database 65 could be replaced by any other type of com- 
puter-readable media known in the art. Such media in- 
clude, for example, magnetic cassettes, flash memory 
cards, digital video disks, and Bernoulli cartridges. It will 
be also appreciated by one of ordinary skill in the art that 
one or more of the motor assessment tool 15 components 
may be located geographically remotely from other motor 
assessment tool 15 components. For instance, the lookup 
tables 35 and historical data 30 may be located geo- 
graphically remote from the motor assessment tool 15, 



such that historical data and lookup tables are accessed 
or retrieved from a remote source in communication with 
the tool 15 via the I/O interface 70. 
[0030] it should also be appreciated that the components illus- 
trated in FIG. 2 support combinations of means for per- 
forming the specified functions described herein. As 
noted above, it will also be understood that each block of 
the block diagrams, and combinations of blocks in the 
block diagrams, can be implemented by special purpose 
hardware-based computer systems that perform the 
specified functions or steps, or combinations of special 
purpose hardware and computer instructions. Further, the 
motor assessment tool 15 may be embodied as a data 
processing system or a computer program product on a 
computer-readable storage medium having computer- 
readable program code means embodied in the storage 
medium. Any suitable computer-readable storage medium 
may be utilized including hard disks, CD-ROMs, DVDs, 
optical storage devices, or magnetic storage devices. Ac- 
cordingly, the motor assessment tool 15 may take the 
form of an entirely hardware embodiment, an entirely 
software embodiment or an embodiment combining soft- 
ware and hardware aspects, such as firmware. 



[0031] According to a preferred embodiment, the motor assess- 
ment tool 15 represents a stand-alone software applica- 
tion operating on a Windows® operating system, where 
the motor analysis application represents 55 the functions 
implemented thereby, and the database 65 represents a 
Windows® Access database. However, the tool 15 may be 
implemented using alternative operating systems and 
databases as are known to those of skill in the art. 

[0032] Furthermore, though illustrated individually in FIG. 2, each 
component of the tool 15 may be combined with other 
components within the motor assessment tool 15 to effect 
the functions described herein. The functions of the 
present invention will next be described in detail with ref- 
erence to block diagram flowcharts describing the ex- 
change of and processing of information by and between 
the individual elements of FIG. 1, as well as the elements 
that comprise the embodiment of the motor assessment 
tool 15 illustrated in FIG. 2. 

[0033] As noted above, the motor assessment tool 15 is operable 
to estimate, among other things, the remaining life re- 
maining in an electric motor. According to one aspect of 
the present invention, the tool 15 performs a number of 
calculations based on analytical methods based on motor 



design limits, and on reliability data generated from his- 
torical information and operator-input information spe- 
cific to a motor to be analyzed. The life remaining in the 
motor may then be identified based on the lowest remain- 
ing life time calculated using these methods. These meth- 
ods also attempt to predict the remaining life left in com- 
ponents of a motor, such as the remaining bearing and 
stator life. 

[0034] M 0re specifically, the motor assessment tool 15 uses mul- 
tiple testing methods to assess the current health of an 
electric motor, including a: (1) L bearing life calculation 
(only if rolling element type bearings are present in the 
motor to be analyzed); (2) motor stator life estimate based 
on environmental conditions, specifically, the average his- 
torical stator temperature; (3) IEEE-43 test to measure 
motor insulation resistance; (4) motor stator life estimate 
based on historical stator life span information based on 
the number of motor start/stops; (5) reliability analysis of 
major motor components using statistical regression 
methods; (6) remaining oil life based on oil type, temper- 
ature and age; and (7) qualitative descriptions of percent 
daily usage and vibration levels that may indicate acceler- 
ated or decelerated life with respect to nominal condi- 



tions. Each of the above quantitative methods yields a 
number that aids an operator or analyst in assessing mo- 
tor health, and the most limiting life estimate is then used 
to predict the residual life of the motor. 
[0035] FIG. 3 shows a block diagram flow chart illustrating a 

method for inputting, collecting and storing in the motor 
assessment tool 15, according to one embodiment of the 
present invention. After a motor is identified for which an 
analysis (also referred to herein as a condition assess- 
ment) is desired (block 90), an operator collects Pareto 
data corresponding to the type of motor and manually in- 
puts the data into the tool 15. The Pareto data quantifies 
the most probable failure reason for the motor based on 
historical information collected for similar types of mo- 
tors. An illustrative example of Pareto data 71 for large 
electric motors (>2300 VAC) is illustrated in FIG. 4. As 
shown in FIG. 4, the Pareto data 71 illustrates that AC sta- 
tor failure is the cause of more motor failures than any 
other cause, followed by bearing failures, rotors, and 
frames. Additionally, the Pareto data 71 identifies a per- 
centage attributed to each of the causes such that the 
likelihood of a particular cause impacting a randomly se- 
lected motor can be estimated. Because the Pareto data 



71 is preferably created using a large volume of samples 
for each type of motor, the Pareto data 71 may be an ex- 
cellent predictor of the likely cause of motor failure for a 
given type of motor. According to one aspect of the 
present invention, the Pareto data 71 comprises a part of 
the historical data 30. 
[0036] Next, the operator inputs motor information into the tool 
15, including the motor nameplate (block 100) and the 
motor's stator and bearing age (block 105). Other infor- 
mation collected and input into the tool 15 includes the 
historical average stator operating temperature (block 
110). Such data is collected from the physical nameplate 
mounted on the exterior of the motor, maintenance/asset 
management databases (e.g., System 1™), historical 
records from equipment distributed control systems, and/ 
or operator log records. Also collected by the operator are 
the number of daily starts and stops (block 115), rolling 
element bearing data (block 120) including the rolling el- 
ement's load, rotations per minute (RPM), element type, 
and diameter, the oil temperature and its age and type 
(block 125), the number of daily run-hours (also referred 
to as the motor's service factor) (block 130), the motor's 
vibration levels (block 135) measured using handheld vi- 



bration monitoring equipment or recorded from attached 
accelerometers, velometers or displacement probes, and 
the motor's insulation resistance (block 140). 

[0037] All of the operator input data 25 described above is col- 
lected and stored by the system of the present invention 
in one or more databases, such as in the database 65 of 
FIG. 2, for manipulation by the motor analysis application 
55. Additional data may be input into the tool 15 directly 
from the motor, such as the start and stop limit (block 
145) of the motor. This information may be received by 
the tool 15 via the I/O Interface 70 described with respect 
to FIG. 2, and may be stored within the database 65. 

[0038] Next, FIG. 5 shows a block diagram flow chart illustrating 
computations executed by the motor assessment tool 15 
to produce computed results, according to one embodi- 
ment of the present invention. First, the motor assess- 
ment tool 15, and more particularly, the motor analysis 
application 55, executes L life calculations (block 150) if 
rolling element bearings are present in the motor. This 
calculation is performed using the formula: 
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[0039] where C is the load factor rating, K is a constant (3 for ball 
bearings, 10/3 for roller element bearings), N is the rota- 
tional speed and P is the equivalent load. The constant C 
is provided via lookup tables 35 that may be stored within 
the database 65. These look-up tables 35 contain the ba- 
sic load rating (C), as is known in the art, which is variable 
according to the motor bearing type and size. Transfer 
functions for C may also be computed by the application 
55 based on least squares regression. These transfer 
functions are dependent upon the rolling element type of 
the motor (e.g., single row, double row, spherical or cylin- 
drical). The transfer functions allow for data interpolation 
when the bearing bore diameter is between those listed 
within the lookup tables 35. Alternatively, detailed lookup 
tables may be provided to render the need for transfer 
functions obsolete, where the application 55 is operable 
to select the load factor rating C for any motor bearing 



type and size. The result of the L life calculation is to 
7t ^ 10 

provide a life estimate for the motor's rolling element 
bearings, which may be used to estimate the remaining 
life of the motor until rolling element bearing failure. 

[0040] Next, the motor analysis application 55 is also operable to 
calculate the stator insulation life remaining for the motor 
(block 155) based upon well known Arrhenius relationship 
described as a function of insulation class, as illustrated in 
FIG. 6. FIG. 6 shows the transfer functions for expected 
stator insulation life (in hours) as a function of stator tem- 
perature and motor insulation class. According to one as- 
pect of the invention, average stator temperatures may be 
recorded from a facility's distributed control system. The 
peak temperature is used to track the remaining hours of 
insulation life based on insulation classes, such as insula- 
tion classes H, F, B or A. The current age of the stator is 
then subtracted from this remaining life to yield an esti- 
mated time-to-failure (block 165) of the motor as limited 
by the effective life of the stator. 

[0041] According to one embodiment of the invention, the sys- 
tems, methods and computer program products of the 
present invention use historical data obtained through 
motor repair service centers to calculate the probability 



that the motor stator or bearing will fail. In particular, his- 
torical motor failure logs segmented by motor voltage and 
component (stator or bearing) may be input into the mo- 
tor analysis application 55 (block 160). As new repair ser- 
vice data becomes available the historical repair database 
grows through end-user experience, the uncertainty of 
the prediction tool is reduced. Therefore, the prediction 
algorithms become better able to provide quantitative in- 
formation regarding remaining motor life, particularly, as 
more and different classes of motors become cataloged. A 
database of repair service data may be maintained and 
operated on a centralized web server accessible via the 
Internet using GUIs, such as those interfaces 176, 178 il- 
lustrated in FIGS. 7 and 8. Using these interfaces 176, 178 
users can input data from a variety of remote locations. 
Periodically, this data is used to generate new probability 
distribution functions for the motor components, and is 
made available to the tool 15. According to one aspect of 
the invention, the historical information is categorized 
into AC motors operating at 2300V and AC motors oper- 
ating at voltages equal to or greater than 4160V. 
[0042] using historical information, probability distribution func- 
tions for stator and bearing failures may be fit to the fol- 



lowing function: 
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[0043] where □ and □ are the shape and scale factors of a Weibull 
distribution, as is known in the art, and t is time. Equation 
(2) was integrated and rearranged to provide an estimate 
to the 90% unreliability point, knowing the historical val- 
ues of □ and n: 



[0044] using this equation the motor analysis application 55 

subtracts the current age of the bearing and stator from 





this calculated time (on a per component basis) to yield 
the estimated residual life. 

[0045] The estimated remaining useful life of the motor's lubri- 
cation may also be obtained by the motor analysis appli- 
cation through comparison of the age, type and historical 
temperature to look-up tables obtained from tribology 
sources, as are known in the art. Finally, it will be appreci- 
ated that the tool 15 may capture and store overall vibra- 
tion levels and service usage factors for qualitative pur- 
poses and such data may reveal additional sources of 
variation in expected residual life that is not captured in 
the above calculations. Finally, after all of the calculations 
are completed, the motor analysis application 55 displays 
the computed results (block 175) to the operator via a GUI 
and an I/O device such as a monitor. 

[0046] using a 90% unreliability point as an artificial limit for 
when motor failure will likely occur, the motor analysis 
application 55 subtracts the current age of the bearing 
and stator from this calculated time (on a per component 
basis) to yield the estimated residual life. These reliability 
calculations may be implemented based on each type of 
motor. As an illustrative example, using the above equa- 
tions and Weibull parameters of n=2.583 and 



r| = 388.7.050 for a rolling element bearing and 3=3.648 
and n= 5 596. 5 52 for a stator (where these parameters are 
calculated based on a Weibull analysis of historical infor- 
mation) may result in a reliability equation of: 

-{t/3M.7X>Sf m ^-(r/5596J52) 164S 

[0047] f or a 2300VAC motor having rolling element bearings. In 
this illustrative example, the time for the motor to reach 
90% reliability is calculated to be 1567 days. 

[0048] yet another life indicating analysis performed by the mo- 
tor analysis application 55 is an insulation resistance tests 
using conventional IEEE methods, as are well known in the 
art. Insulation resistance tests ascertain the quality of the 
stator/rotor winding resistance (block 170). Values are 
dependent upon the winding type (random or standard) 
and may be flagged by the motor analysis application 55 
if out of specification with respect to the IEEE method. 

[0049] Highly accelerated lifetime test (HALT) data may also be 
input into the application 55 to show the maximum limit 



of start/stops that a motor winding can withstand before 
failure. Therefore, this data may be used by the applica- 
tion 55 to indicate if a limiting problem exists with motor 
start/stops. 

[0050] Moreover, an estimated remaining useful life of the mo- 
tor's lubrication may also be obtained by the motor analy- 
sis application through comparison of the age, type and 
historical temperature to look-up tables obtained from 
tribology sources, as are known in the art. Finally, it will 
be appreciated that the tool 15 may capture and store 
overall vibration levels and service usage factors for quali- 
tative purposes and such data may reveal additional 
sources of variation in expected residual life that is not 
captured in the above calculations. 

[0051] After all of the calculations are completed, the motor 
analysis application 55 displays the computed results 
(block 175) to the operator via a GUI and an I/O device 
such as a monitor. As noted above, the application 55 
may provide a value indicating the life remaining of the 
motor, which may be based on the shortest amount of life 
left as calculated using each of the methods described 
above. The application 55 may also provide individual re- 
sults, such as the time remaining before stator or bearing 



failure. 

[0052] FIG. 9 illustrates a graphical user interface implemented 
by the motor assessment tool 15 to facilitate the input of 
data by an operator of the motor analysis system, accord- 
ing to one embodiment of the present invention. As 
shown in FIG. 9, an operator may input motor nameplate 
information 185 into the GUI, as well as bearing data 190, 
an estimate of the age of critical components 195, and in- 
sulation winding parameters 200. Preferably, after press- 
ing a compute button 205 or the like, the motor analysis 
application 55 will take the operator input data, store it in 
the database 65, and use the operator input data, lookup 
tables 35, and historical data 30 to execute the computa- 
tions detailed above. Thereafter the computer results 210 
are provided to the operator. 

[0053] it w i|| be appreciated that the cumulative effect of the mo- 
tor assessment tool 15 is to calculate the motor's residual 
life based upon quantitative data, standard design life 
limits and reliability analysis. This enables the risk analyst 
to assess motor health when continuous historical param- 
eter data is not available, and does so immediately, e.g., 
in a one-day period. 

[0054] Many modifications and other embodiments of the inven- 



tions set forth herein will come to mind to one skilled in 
the art to which these inventions pertain having the bene- 
fit of the teachings presented in the foregoing descrip- 
tions and the associated drawings. Thus, it will be appre- 
ciated by those of ordinary skill in the art that the present 
invention may be embodied in many forms and should not 
be limited to the embodiments described above. For in- 
stance, the present invention may be used to evaluate 
wind turbines, electric transformers, generators, and hy- 
dro-powered equipment. Therefore, it is to be understood 
that the inventions are not to be limited to the specific 
embodiments disclosed and that modifications and other 
embodiments are intended to be included within the 
scope of the appended claims. Although specific terms are 
employed herein, they are used in a generic and descrip- 
tive sense only and not for purposes of limitation. 



